Shale gas dehydration unit
Water (coming from the extraction process) is contained in raw shale gas. Although most of the liquid water is removed in simple separators, water vapour is still present. Therefore, absorbers are used to remove the water vapour. In this case, a water vapour content of 3% is considered. The mass flow, composition, temperature and pressure conditions of all streams involved in the raw shale gas dehydration unit are presented in Table S1 . Table S1 . Streams mass flow, composition, temperature and pressure conditions of the dehydration unit. It is worth mentioning that the composition of the dehydrated gas delivered (T-101 top; Table S1 ) is slightly different than the one used in the simulation (Table S2 and Table S7 ). This difference is attributed to the fact that raw shale gas of real composition (CH4:C2H6:CO2: H2O = 80:14:3:3 ref) is used in the simulation of the dehydration unit, resulting in dehydrated gas composition of CH4:C2H6:CO2:H2O = 84:13.5:1:0.5 (v:v), while dehydrated shale gas with composition equal to the one fed in the experiments (CH4:C2H6:CO2 = 86:13:1) was used in the process simulation. This minor difference does not affect the validity of the simulation results.
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2. One-step process
Streams mass flow, composition and conditions
The mass flow, composition, temperature and pressure conditions of all the streams involved in the onestep plasma-assisted ethylene production process are presented in Table S2 . Table S2 . Streams mass flow, composition, temperature and pressure conditions; one-step process. S-5 S-7 Table S2 . Streams mass flow, composition, temperature and pressure conditions; one-step process (continued). S-8 Table S2 . Streams mass flow, composition, temperature and pressure conditions; one-step process (continued). S-9
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Heat integration
Seven hot and four cold process streams can be integrated to reduce the external hot and cold utility demand. The supplied and targeted temperatures, the temperature intervals and the energy content of these streams are presented in Table S3 . 
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The process streams heat balances and the problem table algorithm involved in the pinch analysis for the one-step process are presented in Table S4 . Hot utility of 105.9 kW should be added to balance the heat cascade. The pinch temperature is at -87°C. production cost=Specific energy demand × electricity price + Specific gas demand × gas price Specific gas demand=Volumetric shale gas feed/mass of ethylene produced Profit margin=Ethylene price -ethylene production cost Break-even electricity price=23 USD/MWh S-13
3.
Two-step process
Streams mass flow, composition, temperature and pressure conditions
The mass flow, composition, temperature and pressure conditions of all the streams involved in the twostep plasma-assisted ethylene production process are presented in Table S7 . Table S7 . Streams mass flow, composition, temperature and pressure conditions; two-step process. S-15 Table S7 . Streams mass flow, composition, temperature and pressure conditions; two-step process (continued). S-17 Table S7 . Streams mass flow, composition, temperature and pressure conditions; two-step process (continued). S-18 Table S7 . Streams mass flow, composition, temperature and pressure conditions; two-step process (continued). S-19 Table S7 . Streams mass flow, composition, temperature and pressure conditions; two-step process (continued). S-20 Table S7 . Streams mass flow, composition, temperature and pressure conditions; two-step process (continued). S-21 Table S7 . Streams mass flow, composition, temperature and pressure conditions; two-step process (continued). 
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Heat integration
Eight hot and four cold process streams can be integrated to reduce the external hot and cold utility demand. The supplied and targeted temperatures, the temperature intervals and the energy content of these streams are presented in Table S8 . 
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The process streams heat balances and the problem table algorithm involved in the pinch analysis for the two-process are presented in Table S9 . Hot utility of 12.4 kW should be added to balance the heat cascade. The pinch temperature is at -92°C. 
